recording change in weight at various time intervals until a constant weight was achieved.
93
Moisture content was calculated using the formula:
where MC is the moisture content, and fw and dw are the weights of fresh and dried seeds,
95
respectively. MC was expressed in percentage. Measurement was performed in three technical 96 replications, each containing at least 30 seeds, and repeated twice.
97
To determine the impact of cryopreservation, seeds were sealed in 2 ml cryovials (Nunc,
98
USA) and stored in LN for a minimum of one hour. Cryovials were then placed in a 40°C water 99 bath for 90 seconds to re-warm. Control and cryopreserved seeds were surface sterilized with 4% 100 commercial bleach (Clorox®, The Clorox company; 5.4% sodium hypochlorite) for one hour, loaded as in standard protocol, then exposed to VS A3 at 0°C for 0, 5, 10, 20, 40, 60, or 80 min, 195 or to PVS3 for 30 or 60 min at room temperature. 
211
All experiments in droplet-vitrification method were performed with three independent 212 replications, each containing at least 10 shoot tips. Survival and regeneration were assessed as 213 described in encapsulation-vitrification method. regeneration sharply decreased after applying VS A3 or PVS3 (Fig. 3) . The adverse effect of VS 264 exposure was highly significant (P < 0.0001) on regeneration which dropped down to 27% and 265 16% after 60 min treatment with PVS3 and VS A3, respectively (Fig. 3) . When shoot tips were 266 exposed to VS A3 and PVS3 for various durations, no significant differences in survival and 267 regeneration were observed between treatments without cryopreservation, mostly due to high 268 variations between replications within each treatment (Fig. 4, LNC with GA 3 alone without cytokinins (Fig. 5) . Survival of cryopreserved shoot tips was higher on 278 media supplemented with GA 3 alone or in combination with BA compared to media with kinetin 279 or zeatin. However, there was no significant difference in plant regeneration between 280 cryopreserved shoot tips cultured on different media (Fig. 5 ).
281
The highest regeneration of 52% after cryopreservation was achieved when sucrose 282 concentration in unloading solution was reduced from 1.2 M to 0.8 M (Fig. 6, Tr 3) . Reducing reduced regeneration while increasing osmoprotection step by 20 min (Tr 2) showed no effect. The majority of shoot tips cryopreserved using the improved protocol (Tr 3 on Fig. 6) 
298
showed direct plant regeneration without callus formation (Fig. 1F) . During regrowth, these 299 shoot tips produced multiple shoots (Fig. 1G ) which were further propagated and rooted 300 following the protocol developed earlier (Rathwell et al. 2016 ) to obtain healthy looking young 301 plants with roots.
302
The cryopreservation method developed in this study was used to initiate the long-term 
D r a f t
Successful cryopreservation was achieved using a modified droplet-vitrification protocol.
362
As with almost any vegetative material, shoot tips of in vitro cultured plants experience severe 363 stress during the cryopreservation process which may arise due to a combination of osmotic, after 60 min treatment (Fig. 3) . The most prominent adverse effect was observed with plant 371 regeneration, which dropped from 100% for the untreated shoot tips to 15% after 20 min of 372 treatment with A3 solution and without cryopreservation (Fig. 4) . The highest regeneration of 373 cryopreserved shoot tips was observed following treatment with A3 solution for 80 min and with
374
PVS3 solution for 30 min (Fig. 4) . In comparison, the optimum duration of exposure to another 
396
The results of protocol modification ( within the first 10 min of unloading followed by further slow decrease to 56 mg/g fresh weight
403
during the next 50 min (Kim et al. 2004) . By contrast, the glycerol concentration in PVS3-404 treated shoot tips decreased slowly and steadily during 90 min of unloading (Kim et al. 2005 The following combinations of growth regulators have been tested: "GA 3 ": 1 µM GA 3 ;
"BKG": 2.5 µM BA + 2.5 µM kinetin + 1 µM GA 3 ; "BG": 5µM BA + 1 µM GA 3 ; "ZG": 5µM zeatin + 1 µM GA 3 ; "KG": 5 µM kinetin + 1 µM GA 3 . Asterisk indicate the data sets where the effect of different media was significant (P<0.0082). Values followed by different letters are significantly different based on Duncan MRT at α = 0.05. Regeneration (%)
Cryopreservation protocols
